
SPECIFICATION 

Y2O3 SPRAY-COATED MEbdBER AND PRODUCTION METHOD THEREOF 
TECHNICAL FIELD 

[0001] This invention relates to a Y2O3 spray-coated member 
having excellent characteristics such as heat radiating 
property, resistance to damage and the like and a method of 
producing the same. 

BACKGROUND ART 

[0002] The spraying method is a technicpie that a coating 
is formed on a surface of a substrate by melting powder off 
a metal, a ceramic, a cermet or the lilce with a plasma or' 
burning flame and then blowing onto the surface of the 
substrate (a body to be sprayed) under flying, which is one 
of surface treating techniques widely adopted in many 
industrial fields. However, the spray coating obtained by 
laminating fine particles at a molten state is Icnown to 
cause a large difference in the mechanical strength and 
corrosion reisistance of the coating in accordance with 
strong and wealc bonding force of the particles constituting 
the coating, amount of particles not bonded and the 
presence of non-molten particles. For this end, the 
conventional target of developing the spraying technique 
lies in that a large moving energy is given to the sprayed 
particles by using an apparatus fpr realizing the complete 
melting of sprayed particles using a high temperature heat 
source, for example, a plasma jet flame as a heat source, 
or a high-velocity combustion flame to generate a strong 
ixnpact energy on the surface of the substrate to be sprayed, 
whereby the bonding force between the particles is enhanced 
and the porosity is reduced and further the joining force 
between the coating and the substrate is ixnproved. 
[0003] For exaixtple, i7P-A-l-139749 proposes a method 
wherein the bonding force between the particles is improved 



or iihe oxide film produced on the surface of the metal 
particle, which Is a cause of generating pores. Is reduced 
by adopting a method of spraying a plasma In an argon gas 
atmosphere of 50-200 hPa. 

[0004] Recently, the characteristics of the spray coating 
are Improved by the above proposal. However, there Is not 
much the examination on the color of the coating formed by 
using the same spraying material . As the color of the 
ceramic spray coating is observed, chromium oxide (Cr203) 
powder as a spraying material is deep green near to black, 
but when It Is plasma- sprayed, a black coating Is obtained. 
On the other hand, aluminum oxide (AI2O3) powder is white 
and also a coating obtained by plasma -spraying is white. 
On the contrary, titanium oxide (TIO2) powder is whitish, 
but when it is plasma- sprayed, a blackish coating is 
obtained. Thus, a cause on the color change of the spray 
coating is considered due to the fact that a part of oxygen 
constituting Ti02 disappears in the heat source for 
spraying to form an oxide shown by Tln02n-i (see JP-A-2000- 
054802) . 

[0005] As mentioned above, it is general that as to the 
color of the oxide -based ceramic spray coating getting off 
a part of oxides, the color of the powder material for 
spraying itself is reproduced as the color of the coating 
as it is. For example, yttrium oxide (Y2O3) usually shows a 
white color at not only a state of powder xaaterial but also 
a state of a spray coating obtained by spraying likewise 
AI2O3. It is considered that even if y203 is sprayed in a 
plasma heat source, there Is no change in the bonding state 
between Y and O (oxygen) constituting Y2O3 particles. That 
is, it is considered that since Al and Y as a metallic 
element are very strong in the chemical affinity with 
oxygen, the oxide does not disappear oxygen even in a high 
temperature plasma environment, and even after the 
formation of the spray coating, the characteristics of 
AI2O3 or Y2O3 are maintained as they are. 



[0006] The Y2O3 spray coating is excellent in the heat 
resistance, resistance to high -temperature oxidation and 
corrosion resistance and develops a remarkable resistance 
even in a plasma etching environment used in a 
semiconductor producing apparatus or a working step thereof 

(resistance to plasma erosion) , so that it is a ceramic 
coating used in many industrial fields ( JP-A-6-196421 , JP- 
A-10-004083, JP-A-10-163180, JP-A-10-547744 , iJP-A-2001- 
164354) . 

[0007] All of the Y2O3 spray coatings usually used show a 
white color and develop some positive effects, but there is 
no proposal on the change of color in the coating without 
changing the characteristics of the ¥203 spray coating. 
[0008] As a technique of modifying the surface of the 
substrate, these is a technique of utilizing an electron 
beam irradiation or a laser beazd irradiation in addition to 
the above formation of the spray coating. As to the 
electron beam irradiation, for example, there are known a 
technique of JP-A-61-104062 wherein electron beams are 
irradiated to a metal coating to melt the coating to 
thereby remove the pores, and a technique of JP-A-9-316624 
wherein electron beams are irradiated to a carbide cermet 
coating or a metal coating to improve the performances of 
the coating. 

[0009] However, these conventional techniques are a 
technique of targeting the carbide cermet coating and the 
metal coating and for the purpose of the disappearance of 
pores in the coating and the improvement of the adhesion 
property. Particularly, these techniques are not a 
technique of adjusting the color of ceramic spray coating, 
particularly y203 spray coating. 

[0010] Further, these techniques are considered to be due 
to a fixed concept that an electrically conductive coating 
is required in the treatment of the spraying material with 
the electron beams as disclosed on paragraph [0011] of JP- 
A-9-316624. On the other hand, JP-A-9-327779 , JP-A-10- 



202782 and the like disclose the technique of irradiating 
the laser beams to the spray coating. However, this 
technique frequently targets the ceramic coating such as 
metal coating, carbide cermet and the like. In this 
technique, however, even if the underground is the ceramic 
coating, the object of the treatment is to disappear the 
pores of the coating or to promote the occurrence of 
longitudinal crack utilizing a phenomenon that the coating 
shrinks in the cooling step after the melting of the 
coating, and the ceramic coating to be targeted is Zr02 
system. 

DISCLOSURE OF THE INVENTION 

[0011] It is an object of the invention to solve the 
aforementioned problems of the conventional techniques . 
That is, the invention proposes a technique that a black 
spray coating of Y2O3 is formed on a surface of a substrate 
instead of a white Y2O3 spray coating. 

[0012] As long as it is possible to blacken ¥203 spray 
coating, even if a product provided with such a coating is 
subjected to a mechanical working such as surface polishing, 
a given black gloss can be always maintained and a 
commercial value can be increased. If a black color of a 
new surface is insufficient after the black coating is 
removed by the mechanical polishing, it is possible to 
again blacken the new surface. Further, the black coating 
hardly shows the dirt as compared with the white coating 
and can reduce the washing number of a spray coating when 
being used as a member for a semiconductor working device, 
so that the productivity is not lowered. Moreover, the 
black coating is excellent in the heat absorbing ability 
and a radiation ability of a far infrared ray, so that it 
is considered that it is excellent in the improvement of 
heat exchanging property of heat radiation, heat receiving 
or the like and the resistance to environment. 
[0013] In the invention, the following technical problems. 
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which can not be solved in the Y2O3 white spray coating, 
can be solved by forming the Y2O3 black spray coating on 
the surface of the substrate. 

(1) In the invention, the Y2O3 white spray coating is 
blackened without obstructing the properties inherent 
thereto, so that the resulting coating can be used in the 
same applications as in the white coating. 

(2) In the invention, the Y2O3 spray coating becomes black, 
so that the coating product hardly shows the dirt and it is 
useless to repeatedly conduct the washing beyond necessity. 

(3) In the invention, the y203 spray coating indicates a 
black color, so that when this coating is formed on a heat 
radiation face or a heat receiving face, the heat radiation 
efficiency or heat receiving efficiency is iaqproved to 
improve the performances of the whole device, which is 
effective to control the environment influence. 

(4) In the invention, the blackened Y2O3 spray coating is 
formed, whereby the hardness is made higher than that of 
the white coating, which can contribute to the improvement 
of the abrasion resistance. 

[0014] That is, according to the invention, the color of 
the Y2O3 spray coating is changed to form the black Y2O3 
spray coating as a spray coating formed on the surface of 
the sxibstrate in order to provide the aforementioned 
properties (l)-(4). An essential feature of the invention 
is as follows . 

[0015] (1) A Y2O3 spray-coated member characterized by 
covering a surface of a substrate with a Y2O3 black spray 
coating . 

[0016] (2) A Y2O3 spray-coated member characterized by 
disposing an undercoat made of a metal coating beneath a 
Y2O3 black spray coating. 

[0017] (3) A Y2O3 spray-coated member characterized by 
disposing a middle layer between an undercoat made of a 
metal coating and a Y2O3 black spray coating as a top coat . 

[0018] (4) A Y2O3 spray-coated member, characterized in 
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that the undercoat is a metal coatxng xoade of at least one 
metal or alloy selected from Ni and its alloy, W and its 
alloy. Mo and its alloy, Ti and its alloy, Al and its alloy, 
and Mg alloy at a thickness of 50-500 |jm. 

[0019] (5) A Y2O3 spray- coated member, characterized in 
that the middle layer is made of a coating of AI2O3, a 
double oxide of AI2O3 and Y2O3, a solid solution or a 
mixture thereof . 

[0020] (6) A Y2O3 spray-coated member, characterized in 
that the Y2O3 black spray coating is obtained by forming a 
Y2O3 re-molten layer having a thickness of less than 30 pm 
and a blackened Y2O3 layer on a surface of the Y2O3 spray 
coating . 

[0021] (7) A Y2O3 spray-coated member , characterized in 
that the Y2O3 black spray coating is constituted with a 
layer in which Y2O3 particles blackened on an outer 
peripheral portion or an inside of Y2O3 particle 
constituting the spray coating are deposited to a thickness 
of about 50-2000 |jm. 

[0022] The above black -white Y2O3 spray coating or 
blackened Y2O3 spray coating can be produced by the 
following method. 

[0023] (1) A method of producing a Y2O3 spray-coated 
member, characterized in that a white Y2O3 powdery material 
is plasma- sprayed directly on a surface of a substrate or 
on an undercoat applied onto the surface of the substrate 
in an inert gas atmosphere substantially containing no 
oxygen to form a Y2O3 black spray coating. 
[0024] (2) A method of producing a Y2O3 spray-coating 
member, characterized in that a white Y2O3 powdery material 
is sprayed on a surface of a substrate to form a Y2O3 white 
spray coating and then a laser beam is irradiated to form a 
blackened Y2O3 layer on a surface of the Y2O3 white spray 
coating . 

[0025] (3) A method of producing a Y2O3 spray-coated 
member , characterized in that a white Y2O3 powdery material 
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Is sprayed directly on a surface of a siibs-brat:e or on an 
under coa-b applied on*bo the surface of the subs t:r ate to form 
a Y2O3 white spray coa-tlng, and then an electron beam is 
irradiated under a reduced pressure or in an inert gas 
atmosphere under a reduced pressure to form a blackened 
Y2O3 layer on the surface of the Y2O3 white spray coating. 

[0026] (4) A method of producing a Y2O3 spray-coated 
member, characterized in that the undercoat made of a metal 
coating is disposed beneath the Y2O3 black spray coating. 

[0027] (5) A method of producing a Y2O3 spray-coated 
member, characterized In that a middle layer is disposed 
between the undercoat made of a metal coating and the Y2O3 
black spray coating formed as a top coat. 

[0028] (6) A method of producing a Y2O3 spray- coated 
member, characterized in that the inert gas atmosphere is 
an atmosphere under a low pressure of 50-600 hPa. 

[0029] (7) A method of producing a Y2O3 spray-coated 
member, characterized in that the inert gas atmosphere 
Includes aji environment of a heat source for an atmosphere 
plasma spraying surrounded with a gas such as Ar, N2 or the 
like so as not to penetrate air into the heat source . 

[0030] (8) A method of producing a Y2O3 spray-coated 
member, characterized in that the middle layer is made of a 
coating of AI2O3, a double oxide of AI2O3 and Y2O3, a solid 
solution or a mixture thereof . 

[0031] (9) A method of producing a Y2O3 spray-coated 
member , characterized in that the Y2O3 black spray coating 
is obtained by forming a Y2O3 re-molten layer having a 
thickness of less than 30 pm and a blackened Y2O3 layer on 
a surface of the Y2O3 spray coating. 

[0032] (10) A method of producing a Y2O3 spray-coated 
member, characterized in that the Y2O3 black spray coating 
is constituted with a layer in which Y2O3 particles 
blackened on an outer peripheral portion or an inside of 
Y2O3 particle constituting the spray coating are deposited 
to a thickness of about 50-2000 pm. 
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[0033] As mentioned a±>ove, the blackened Y2O3 spray coating 
as an essential feature of the invention basically 
possesses various properties inherent to the conventional 
Y2O3 white spray coating. Therefore, it develops 
performances ec^al to or more than those of the white Y2O3 
spray coating even under a clean working environment of 
semiconductors such as plasma treatment in an atmosphere 
containing a halogen or a halogen compound as a main 
application of the spray coating. Further, when the Y2O3 
black spray coating is formed on a heat- transmitting face 
or a heat-receiving face, at least excellent heat 
transmission and heat receiving efficiency are developed as 
compared with the white Y2O3 spray coating and the working 
efficiency of the plasma etching is more improved. 
[0034] Since the surface is a black coating (layer) , it 
hardly shows dirt accoxopanied with the adhesion of colored 
particles generating on the way of the handling or under an 
environment thereof, and hence the existing wash number 
repeated more than needs can be reduced. Therefore, the 
device provided with the blackened coating can be expected 
to have effects that the maintenance and inspection are 
reduced or omitted, and the production efficiency is 
improved, and the cost of the product is decreased, and the 
service life of the members in the device accompanied with 
the washing through a chemical having a strong corrosion is 
prolonged, and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] FIG. 1 is a view comparing appearances of white and 
black Y2O3 spray coatings, in which (1) is a Y2O3 white 
spray coating of the conventional technique (coating formed 
through a plasma spraying method by using white Y2O3 
powdery material) and (2) is a Y2O3 black spray coating 
according to the invention (Y2O3 coating by forming a Y2O3 
white spray coating from white Y2O3 powdery material 
through a plasma spraying method and blackening it through 
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elecbron beam xrradlat:ion) . 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0036] (1) Nature and properties of blackened Y2O3 spray 
coating (Y2O3 black spray coating) 

The Y2O3 black spray coating as an essential feature 
of the invention is clearly different from the Y2O3 white 
spray coating in at least the appearance . As a result of 
X-ray diffraction of the blackened Y2O3 spray coating, it 
has been previously known that two crystal phases of cubic 
system and monoclinic system are detected in case of the 
Y2O3 white spray coating, while only the crystal phase of 
cubic system is observed in case of the black spray coating. 
[0037] According to the inventors' studies, however, it is 
not thought that such a difference of the crystal phase 
only exerts on the blackening and whitening of Y2O3. As 
shown in FIG. 1 (photograph) , the clear difference of both 
is seen at least in the appearance, so that "blackened Y2O3 
spray coating" is said to be the Y2O3 black spray coating 
in the invention . 

[0038] According to the inventors' experiments, it is 
considered that the blackening phenomenon of Y2O3 spray 
coating becomes remarkable in case of heating at a high 
temperature above melting point in an environment having a 
low oxygen partial pressure for a short time (rapid 
heating) , which will be guessed from a fact that a part of 
oxygen constituting Y2O3 is lost. In this meaning, it is 
considered that the Y2O3 black spray coating if at a state 
of Y2O3.X as a form of the compound. 

[0039] The blackened Y2O3, i.e. the Y2O3 black spray coating 
taking Y2O3-X is recognized to differ from the properties of 
the white Y2O3 spray coating formed by the plasma spraying 
method under an atmospheric pressure as follows . 
[0040] (i) The surface of the Y2O3 black spray coating 
(which is the blackened Y2O3 spray coating, and has the 
same meaning below) is very smooth and good in the gloss. 
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so tha-b the coznmercxal value of the coating is improved. 
[0041] (ii) The Y2O3 black spray coating hardly shows dirt 
(e.g. finger pattern, fine black dusts and the like) as 

compared with the white spray coating, so that the 

maintenance is easy, which contributes to the improvement 

of the productivity. 

[0042] (iii) Since the surface of the Y2O3 black spray 
coating is dense, the penetration of a corrosive gas 
component into the inside of the coating is controlled to 
improve the corrosion resistance to the substrate. 
[0043] (iv) In the surface of the Y2O3 black spray coating, 
the hardness, abrasion resistance amd the like are dLmproved 
as compared with the Y2O3 spray coating formed by the 
plasma spraying method under an atmospheric pressure or the 
plasma spraying method under a low pressure because Y2O3 
particles constituting the coating are melted to remarkably 
improve a bonding force between mutual particles . 
[0044] (v) In the phenomena of the above items (iii) and 
(iv) , Y2O3 particles at least existing in a depth of 30 pm 
from a surface layer of the Y2O3 black spray coating are 
bonded by re-melting or rendered into the blackened Y2O3 
spray coating. In this case, a portion of so-called Y2O3 
white spray coating other than the above is maintained at a 
porous state inherent to the plasma spray coating. 
Therefore, even if the Y2O3 black spray coating (layer) is 
subjected to a rapid change of an environmental temperature 
or a thermal shock, there is no breakage or peeling of the 
spray coating. 

[0045] (vi) When the Y2O3 black spray coating is formed on 
the surface of the heating body, a remarkable far-infrared 
radiation action is developed, so that if such a body is 
placed in an atmosphere under a low pressure, it is useful 
as a coating for a radiation type heat source. Moreover, 
in case of this application, the effect is developed as the 
thickness of the coating becomes thinner. 

[0046] (vii) The general physical and chemical properties 



10 



of the Y2O3 black spray coa-blng are substantially the same 
as those of the conventional white Y2O3 spray coating 
except for the change of color tone (change to black) , so 
that they may be applied to applications as usual. For 
example, as one of the applications in the Y2O3 white spray 
coating, there is a member to be arranged in a vessel for 
plasma etching treatment in connection with the 
semiconductor production device , In general , the Y2O3 spray 
coating is known to develop an excellent resistance to 
plasma erosion under an environment for plasma treatment in 
an atmosphere containing various halogen gases. The Y2O3 
black spray coating used in the invention shows 
considerably excellent performances when being used in such 
an application. 

[0047] Concretely, the two kinds of the spray coatings are 
stibjected to an irradiation experiment in a mixed gas of 
CF4 100 cm^-Ar 1000 cm^-02 10 cm^ under a condition of 
plasma irradiation power of 1300 W for 20 hours. As a 
result, there is caused a difference between these coatings 
as follows : 

® depth lost by erosion on the surface of the white Y2O3 
spray coating : 6.1-7.6 |Jm ; 

® depth lost by erosion on the surface of the black Y2O3 
spray coating : 5.8-6.5 \xm , 

from which it is clear that the Y2O3 black spray coating 
according to the invention is excellent in the^ resistance 
to plasma irradiation. Under such an environment, the 
coating component formed by plasma erosion becomes small 
particles as one cause of environmental pollution, so that 
the invention can e^ect to have an effect as a 
countermeasure for pollution. 

[0048] Also, when the white and black Y2O3 spray coatings 
are subjected to an experiment by ixmnersing in a 2N aqueous 
solution of NaOH (40''C) , they do not utterly erode and 
develop an excellent resistance to alkali. 

[0049] In the invention, when the Y2O3 black spray coating 
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Is formed on "bhe surface of 1:he subs-krate, an undercoa'b may 
be previously formed on -the surface of "the subs-krate. In 
this case. It; Is preferable that: the undercoat Is formed at 
a thickness of 50-500 \m by using one or more metals or 
alloys selected from Ni and its alloy, W and its alloy. Mo 
and its alloy, Ti and its alloy, Al and its alloy, Mg alloy 
and so on . When tJie spray coating of the undercoat is 
thinner than 50 pm, the action and effect as the undercoat 
are weak, while when the thickness exceeds 500 |jm, the 
coating effect is saturated and the increase of the 
production cost in the lamination work is undesirably 
caused. 

[0050] The Y2O3 black spray coating formed directly on the 
surface of the stabstrate or through the undercoat or a 
middle layer as a top coat is formed by an oxygen -free 
plasma spraying, or by blackening the Y2O3 white spray 
coating through the irradiation of aji electron beam or a 
laser beam, and may have a thickness of about 50-2000 pm 
inclusive of the blackened layer. When the thickness is 
less than 50 pm, the heat radiation performance as the 
black coating is obtained but the properties inherent to 
the coating such as heat resistance, heat insulation 
property, corrosion resistance, abrasion resistance and the 
like can not be developed sufficiently. While, when the 
t:hickness exceeds 2000 \xm, the bonding force between mutual 
ceramic particles constituting the coating lowers to 
mechanically and easily break the coating and also the 
formation of the thick coating takes a long time to 
undesirably increase the production cost. Therefore, the 
thickness is preferable to be about 50-2000 pm. 
[0051] The porosity of the Y2O3 black spray coating is 
about 0.2-5% in case of the coating formed by oxygen-free 
plasma spraying. This porosity is considerably small as 
compared with the porosity of 5-12% in the Y2O3 white spray 
coating obtained by the conventional atmosphere plasma 
spraying. Also, the surface of the Y2O3 spray coating 
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blackened by subjecting the Y2O3 white spray coating to the 
electron beam or laser beam irradiation becomes at a non- 
pore state because it is locally and completely melted in 
the irradiation by heating above the melting point of Y2O3 
(2683 K) . However, when it is solidified by the subsequent 
cooling, cracks are caused by the shrinking phenomenon of 
the voliame to form new pores and a fine cracks . The 
presence of the new pores is fairly small as compared with 
the porosity of the initial coating, and also it remains in 
the vicinity of the surface layer of the coating and does 
not largely grow into the inside of the coating. In 
general, it is expeirientially known that the resistance to 
thermal shock lowers in the coating having no pore, so that 
the Y2O3 black spray coating as a top coat is preferable to 
have a porosity of not more than about 5% inclusive of 
pores (0.1-1%) caused by solidification crack after the 
irradiation . 

[0052] In the invention, a middle layer may be formed 
between the Y2O3 black spray coating formed as a top coat 
and the above undercoat (metal layer) . As the middle layer 
xaay be a spray coating made of AI2O3 alone, a double oxide 
of AI2O3 and Y2O3, a solid solution or a mixture. The 
thickness of the middle layer is preferable to be about 50- 
1000 |Jm. When the thickness is less than 50 pm, the 
function as the middle layer is not sufficient, while when 
it exceeds 1000 |im, the mechanical strength of the coating 
lowers . 

[0053] The above thicknesses are summarized as follows. 
However, these thicknesses are not said to be essential for 
obtaining the effect of the invention and are preferable 
examples . 

Undercoat (metal-alloy) 50-500 \m 

Middle layer (AI2O3, AI2O3+Y2O3) 50-1000 \m 

Top coat (black Y2O3) 50-2000 \xm 

[0054] (2) Substrate forming Y2O3 black spray coating 
thereon 



13 



In the invention, as the siibstrate forming the 
above Y2O3 black spray coating thereon can be used any raw 
materials such as Al and an alloy thereof, steels such as 
stainless steel, Ti and an alloy thereof, ceramic sintered 
body (e.g. oxide, nitride, boride, silicide, and a mixture 
thereof), quartz, glass, plastics and the like. Also, 
there can be used ones obtained by forming various 
deposition films or plated films on these raw materials. 
The coating may be formed directly on the surface of the 
raw material or through the undercoat or the middle layer. 
[0055] (3) Structure of Y2O3 black spray coating 

The inventors think that the Y2O3 black spray 
coating takes the following structure. That is, there are 
a structure that the Y2O3 black spray coating is formed as 
an outermost layer covering the substrate (single layer of 
Y2O3 black spray coating) , a structure that a metal 
undercoat is formed on the surface of the substrate and 
then the Y2O3 black spray coating is formed thereon in 
order to improve the adhesion property of the Y2O3 black 
spray coating to the substrate (two-layer structure 
coating) , a structure that the middle layer made of AI2O3 
or double oxide of AI2O3 and Y2O3, solid solution or a 
mixture thereof is formed on the above undercoat and the 
Y2O3 black spray coating is formed thereon (three-layer 
structure coating) , and the like. If necessary, it is 
possible to take a structure that the amounts of both the 
AI2O3 and Y2O3 ceramic materials compounded in the middle 
layer of the three -layer structure coating are 
intentionally changed so as to make AI2O3 content toward 
the undercoat high and Y2O3 content toward the top coat 
high. 

[0056] (4) Method of forming Y2O3 black spray coating 
The Y2O3 black spray coating can be formed, for 
example , by title following methods . 

(a) As the undercoat (metal-alloy) , it is preferable to 
use an electric arc spraying method, a flame spraying 
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me'thod, a h±gh-veloc±'ty flame spraying metiiod, an 
atmosphere plasma spraying method, a plasma spraying method 
under a low pressure and an explosion spraying method. 

(b) As the top coat (white Y2O3, black Y2O3) , It Is 
preferable to use an atmosphere plasma spraying method in 
case of the white coating and an oxygen- free plasma 
spraying method in case of the black coating. 

(c) As to the middle layer (AI2O3, AI2O3+Y2O3) , it is 
preferable to use an atmosphere plasma spraying method, an 
oxygen-free plasma spraying method and an explosion 
spraying method. 

[0057] (5) Method of blackening white Y2O3 spray coating 

The Y2O3 powdery material for general spraying is 
white powder having a particle size adjusted to a range of 
5-80 |jm. When the usual atmosphere plasma spraying is 
carried out by using this white powder, the resulting spray 
coating becomes also white. On the contrary, according to 
the invention, there are adopted the following methods for 
preparing the Y2O3 spray coating blackened in an appearance 
or at a constant thickness of at least the surface of the 
coating as shown in FIG. 1 (Y2O3-X spray coating) . 

[0058] (a) Plasma spraying method of white Y2O3 powder in 
an atmosphere containing substantially no air (oxygen) 

(hereinafter referred to as oxygen-free plasma spraying) 

In this method, the white Y2O3 spraying powdery 
material is plasma -sprayed in an inert gas atmosphere such 
as Ar, He or the like, whereby a blackened spray coating is 
obtained. According to this method, only a surface layer 
portion of Y2O3 particles constituting the spray coating is 
changed into black color, and a central portion of the 
particle is still at a white state. Particularly, such a 
phenomenon is remarkable in the Y2O3 spraying material 
having a large particle size, and also the particles having 
a small particle size (less than 5 |Jm) are blackened up to 
a central portion of the particle, so that it is considered 
that the change of the Y2O3 powdery spraying material into 
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black is caused from iJie surface and propagated -to tiie 
inside in accordance wi-bh "the lapse of the 'treating time 
(spraying time) . 

[0059] Moreover, this plasma spraying method may be under 
an atmospheric pressure in case of the inert gas atmosphere 
such as Ar, He or the like, but is preferable to be carried 
out under a low pressure of 50-600 hPa, which is effective 
to form the blackened Y2O3 spray coating. Even in the 
atmosphere plasma spraying method, the similar effect can 
be expected if the incorporation of air into a heat source 
is prevented by flowing the inert gas such as Ar, He or the 
like around the spraying heat source. 

[0060] When the white Y2O3 powdery material is siabjected to 
a plasma spraying in an inert gas of a low pressure 
containing substantially no oxygen or in an atmosphere 
having a small oxygen partial pressure, the reason why the 
black Y2O3 spray coating is formed by the irradiation in 
such a spraying atmosphere is considered due to the facts 
that the Y2O3 powder is melted by heating in the plasma 
heat source at the small partial oxygen pressure and hence 
the chemical activity becomes. strong and Y2O3 is easily 
decomposed by releasing oxygen therefrom, and that a 
greater number of electrons having a strong reducing 
property are produced in the plasma jet as a spraying heat 
source and constitute a high temperature environment to 
form a condition easily causing the chemical reaction and 
hence a part of oxygen is released on the surface of the 
white Y2O3 particles to change into a yttrium oxide 
represented by a molecular equation such as Y203.xf and the 
like. 

[0061] The inventors have further thought that Y2O3 itself 
has a nature of easily releasing oxygen under the above 
spraying environment. For example, in case of the white 
AI2O3 powder, the blackening is not caused even by plasma 
spraying in the inert gas atmosphere (the formation of a 
slight ivory color is only recognized) . Therefore, the 
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invent:ors have considered tJia't the absence or presence of 
oxygen release and -the color change of tJie appearance are 
raised by the strength of chemical bonding force between 
each metal element and oxygen. 

[0062] (b) Method of Irradiating electron beams to Y2O3 
white spray coating formed by the atmosphere plasma 
spraying method in an inert gas atmosphere under a low 
pressure . 

This method is a method wherein electron beams are 
irradiated to the Y2O3 white spray coating formed by the 
usual atmosphere plasma spraying in Ar gas of 10-0.005 Pa 
to change only a surface layer portion of the spray coating 
into black. According to this method, the blackened 
surface layer portion of y203 particles are locally melted 
by the electron beam, so that the coating tends to be 
smoothened over the whole thereof. Also, the melting 
portion of the spray coating and the depth of the blackened 
portion are gradually extended to the inner layer by 
superimposing the irradiation ou'^ut of the electron beam 
and the irradiation number, so that they can be controlled 
by adjustment and are practically adaptable for the object 
of the invention when the depth is about 30 pm. 
[0063] As the condition of the electron beam irradiation 
are recommended the following conditions : 
Irradiation atmosphere: 10-0.005 Pa 

Irradiation output: 10-30 Kev 

Irradiation rate: 1-20 mm/s 

Irradiation ntmiber: 1-100 times (continuous or 

discontinuous ) 

[0064] Moreover, when using a strong electron gun as 
mentioned in the following examples, the conditions is not 
necessarily limited to only the above condition. 
[0065] (c) Method of irradiating laser beam to Y2O3 white 
spray coating formed by the atmosphere plasma spraying 
method 

This method is a method wherein a laser beam is 



17 



irradiated to the Y2O3 white spray coating formed by the 
usual atmosphere plasma spraying in air or under a vacuum 
to change the coating into black. According to this method, 
a long time is required for blackening the whole of the 
spray coating having a wide area, but the method is 
preferable for blackening only a local portion of the spray 
coating . 

[0066] Moreover, the irradiation method of the laser beam 
may be conducted in any one of vacuum, inert gas and air, 
and has a merit that the laser can be irradiated to the 
Y2O3 white spray coating without being influenced by the 
irradiation atmosphere. However, the laser beam is high in 
the reflectance ratio of the light to the white face and 
the treating ability lowers, so that according to the 
invention, the laser beam irradiation is suitable for the 
Y2O3 black spray coating obtained by plasma spraying in an 
argon gas containing substantially no oxygen under a low 
pressure. When the laser beam is irradiated to the Y2O3 
white spray coating, it is effective that fine powder of 
carbon particles is scattered on the Y2O3 spraying face to 
improve the absorption efficiency of the light. 
[0067] Even in this treatment, it is considered that Y2O3 
particles are melted on the surface of the Y2O3 white spray 
coating irradiated by the laser beam and release oxygen to 
change into black Y203-x.^ 

[0068] As the condition of the CO2 or YAG laser beam 
irradiation, the followings are recommended: 
Laser output 2-4 kW 

Beam area: 5-10 mm 

Beam scanning rate: 5-20 mm/s 

[0069] In the invention, the desired Y2O3 black spray 
coating can be obtained by properly combining the 
aforementioned methods of forming the Y2O3 black spray 
coating (e.g. combination of method (a) and method (b) , 
combination of method (a) and method (c) and the like) . 
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EXMIPLES 

[0070] (Exaxnple 1) 

In this example, Y2O3 white spray coating through 
the conventional technique and Y2O3 black spray coating 
suitable for the invention (thickness 50 ^m) are formed on 
a surface of a protection tiabe made of a quartz glass and 
provided with an electric heating wire, respectively, and 
then current is flowed into the electric heating wire to 
measure a wavelength released from the surface of each of 
the coatings. As a result, the wavelength is about 0.2-1 
J mi in case of the Y2O3 white spray coating, while it is 
0.3-5 ixm in case of the Y2O3 black spray coating and the 
release of an infrared ray is observed, and hence the 
difference in the efficiency as a heater is recognized. 
[0071] Also, when the Y2O3 black spray coating (thickness 
50 pm) is formed on a surface of a halogen lamp (high- 
brightness lamp) instead of the quartz heater, the 
wavelength after the formation of the Y2O3 black spray 
coating is more than 0.3-10 \sm as compared with the case 
that the wavelength in the lamp having no coating is 0.2-3 
pm, and it is used in a far-infrared zone and the 
improvement of the efficiency as a heater is clear. 
Moreover, the wavelength after the formation of the Y2O3 
white spray coating through the conventional technique is 
equal to or smaller than that having no spray coating. 
[0072] (Example 2) 

In this example, a spray coating of 80 mass% Ni-20 
mass% Cr alloy (thickness 100 pm) is formed on one-side 
surface of a substrate of SUS 304 stainless steel (size: 
width 50 mm X length 50 mm x thickness 3.5 mm) by an 
atmosphere plasma spraying as an undercoat, and thereafter 
a commercially available Y2O3 white powdery spraying 
material is used to form a Y2O3 white spray coating by an 
atmosphere plasma spraying method of the conventional 
technique or a Y2O3 black spray coating by an oxygen free 
plasma spraying method adaptable for the invention at a 
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thickness of 250 ym, respectively. In this way, three 
specimens of the spray coating are prepared with respect to 
one condition. 

[0073] With respect to these specimens, the properties of 
white and black Y2O3 spray coatings are compared by 
measuring the appearance and porosity of the Y2O3 top coat 
at a section of the coating through an optical microscope 
and an image analyzing device and conducting a thermal 
shock test and measuring an adhesion strength of the top 
coat and a micro-Vicker ' s hardness of the top coat surface. 

[0074] In Table 1 are shown the above test results. 
Moreover, the production conditions of the coating and test 
method and condition are described below the table. 
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[0076] As seen from the results of Table 1, all of the 
spray coatings adaptable for the invention (Nos. 2-5) 
indicate black color and have performances such as 
resistance to thermal shock, adhesion strength and the like 
equal to those of the Y2O3 white spray coating of the 
comparative example (No. 1) . Also, the porosity of the 
coating is confirmed to be more dense in the coatings of 
the invention. This is considered due to the fact that Y2O3. 
particles on the surface of the coating are melted by 
irradiating the electron beam (No. 2) or the laser beam (No. 
3) . However, the surface of the coating becomes not 
craipletely non-pore state because there is recognized a 
tendency that fine new "cracks" are caused in the cooling 
solidification after the melting of Y2O3 particles. 

[0077] Further, the micro -hardness of the coating surface 
is clearly higher than that of the Y2O3 white spray coating 
of the conventional technicjue, which shows that the 
resistance to blast erosion is improved. 

[0078] There is used the following device for the 
irradiation of electron beam: 
Rated output of electron gun : 6 kW 
Acceleration voltage: 30-60 kV 

Beam current: 5-100 mA 

Beam diameter: 400-1000 \xm 

Irradiation atmosphere: from 6.7 to 0.27 Pa 

Irradiation distance: 300-400 xnm 

[0079] (Example 3) 

In this example, the abrasion resistance of Y2O3 
black spray coating as a top coat is examined by using the 

specimens of Example 2 . The test device and test 

conditions used are as follows . 

Test method: adopts a reciprocating movement abrasion test 
method defined in a test method for abrasion resistance of 
a plated film according to JIS H8503 . 
Test conditions: load 3.5N, reciprocating rate 40 
times/min, 10 minutes (400 times) , 20 minutes (800 times) , 
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abrasion area 30x12 mm, abrasion paper CC320 
[0080] The evaluation is conducted by measuring the weight 
of the specimen before and after the test and quantifying 
an abrasion quantity from the weight difference. 
[0081] The test results are shown in Table 2 . As seen from 
the results of Table 2, the abrasion quantity of the ^203 
black spray coating having a hard coating surface (Nos . 2- 
5) corresponds to 50-60% of that of the Y2O3 white spray 
coating of the comparative example, which shows an 
excellent abrasion resistance. This results include the 
smoothening of the coating surface by the blaclcening 
treatment . 
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INDUSTRIAL APPLICABILITY 

[0083] The products according to the invention (Y2O3 black 
spray- coated members) are excellent in the heat radiation 
property and resistance to damaging and hardly shows dirt 
when it is applied to applications for the conventional 
Y2O3 white spray-coated products. Concretely, they are 
applicable as a surface treating technique of members such 
as deposhield, baffle plate, focus ring, insulator ring, 
shield ring, bellows cover, electrodes, which are soabjected 
to a plasma treatment with a treating gas containing a 
halogen or a compound thereof, but also a metal fusion 
crucible utilizing a resistance to metal melting. Further, 
the invention is preferably used in a field of heater ttibe 
for heating, infrared and far infrared radiation members 
and so on. 
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